Avian leukosis viruses induce lymphoid leukosis, a lymphoma which develops within the bursa of Fabricius several months after virus infection. Chickens from the Hyline SC and FP lines are, respectively, susceptible and resistant to avian leukosis virus-induced lymphoid leukosis. We examined plasma and cellular DNA obtained from avian leukosis virus-infected chickens for the presence of viremia and integrated viral sequences to determine whether the extent of virus infection is comparable in individuals of both lines. A less than twofold difference in the frequency of viremia was detected between chickens of the two different lines. Although the analysis of plasma samples, which were obtained at different times postinfection, demonstrated that the duration of viremia was comparable in both susceptible and resistant chickens, the onset of the viremia observed in susceptible chickens generally preceded by 1 week that observed in resistant chickens. Moreover, integrated viral sequences were detected in approximately 90% of the SC and 40% of the FP chickens. The appearance of infectious virus in the plasma was, in general, associated with the presence of integrated viral sequences in both the bursal cells and the erythrocytes obtained from the same chicken. The presence of both the viremia and the integrated viral DNA sequences was transient, suggesting a mechanism for the elimination of virus-infected cells in both susceptible and resistant chickens. Furthermore, at 5 weeks postinfection no integrated exogenous viral sequences were detected in splenic lymphocytes obtained from either chicken line, regardless of whether these chickens were viremic or had integrated viral sequences detectable in other tissues. Our results indicate that extensive avian leukosis virus replication occurs in approximately 50% of the FP and 100% of the SC chickens. Although it appears that the viral infection spreads more quickly in the SC chickens, our results afford no obvious explanation of the resistance to the development of lymphoma exhibited by FP chickens.
Infection of susceptible chickens with avian leukosis virus (ALV) induces bursal lymphomas after a long latent period (20) . These tumors develop within the follicles of the bursa of Fabricius, a specialized organ required for normal Blymphocyte differentiation (6) , and are clonal in nature. They subsequently metastasize into the viscera, resulting in death of the chicken (15, 16, 18) . The tumor cells are of the Blymphocyte lineage, expressing immunoglobulin M (IgM), but not IgA or IgG, isotypes (7) . Analysis of DNA obtained from a majority of these tumors has revealed the presence of viral sequences integrated into the host cell genome in the vicinity of the cellular oncogene c-myc, the cellular homolog of the transforming gene found in the acute transforming retrovirus MC29 (15, 18, 24, 25) . By acting as an insertional mutagen in these tumors, ALV enhances the transcriptional activity of this genetic locus. ALV-induced tumorigenesis appears to be a multistage process (17) . In addition to c-myc, a recently described oncogene, B-lym, detected by transfection of DNA from bursal tumors into recipient NIH 3T3 mouse cells, may also be involved in the formation of this tumor (4, 5, 11) . At present, neither the role these activated oncogenes play in tumor development nor the temporal order in which they participate has been determined.
Whereas within 24 weeks after virus infection. These tumors were found to have viral sequences integrated adjacent to c-myc, which is consistent with the observations described above. In contrast, no tumors were observed in the Hyline FP chicken line. Fibroblasts prepared from embryos of both lines have receptors for Rous-associated virus-1 (RAV-1) and are susceptible to viral infection in vitro. In view of the fact that virus infection and subsequent integration into the host genome appear to play a significant role in the activation of at least one oncogene, we performed several experiments to examine whether the spread of the virus in these susceptible and resistant chickens is comparable. In the present study, the extent of virus infection was assessed by two independent criteria. Plasma samples were obtained from RAV-1-infected chickens at different times after experimental infection and were analyzed for the presence of infectious virus. In addition, the extent of viral integration into the DNA obtained from both target and nontarget tissues was compared. Our results indicate that the entire population of SC chickens and approximately one-half of the FP chickens transiently exhibit circulating infectious virus and integrated viral DNA sequences in target and nontarget tissues.
MATERIALS AND METHODS
Viruses and cells. The procedures used in this laboratory for culturing chicken embryo fibroblasts have been previously described (14) . RAV-1 was kindly provided by L. Crittenden. A cloned virus stock, prepared by endpoint dilution, was used throughout this study. Interference analysis demonstrated that the virus was characterized by subgroup A envelope glycoproteins (28) . Infectious Preparation of plasma, erythrocytes, splenic lymphocytes, and bursal cells. Plasma, collected by heart puncture at different times after virus infection, was mixed with an equal volume of sterile Alsever solution, separated from cellular constituents by centrifugation at 200 x g for 10 min at 4°C, and stored at -70°C for subsequent viral analysis. The buffy coat was removed from the cell pellet and discarded. The cells were resuspended in cold phosphate-buffered isotonic saline and centrifuged as described above. The remaining buffy coat was removed and discarded, yielding an erythrocyte suspension containing less than 1% leukocyte contamination, as visualized by light microscopy. These erythrocytes were lysed as described below for the preparation of DNA.
Spleens, obtained at 5 weeks postinfection, were minced with scissors. The cells were resuspended in isotonic medium and pipetted several times with a large orifice pipette. These cell suspensions were filtered through two layers of gauze and layered onto cushions of Isolymph (density, 1.077 g/cm3; Gallard-Schlesinger). Centrifugation at 2,000 x g was performed at room temperature for 15 min. The cells that were harvested from the interface were resuspended in medium, pelleted, and used for the preparation of DNA as described below. Preparations consisting of less than 0.1% erythrocyte contamination, as assessed by light microscopy, were routinely obtained.
Bursas obtained at autopsy were minced with scissors. The cells were resuspended in isotonic medium, pipetted several times with a large orifice pipette, filtered through two layers of gauze, and subsequently pelleted at 200 x g for 10 min at 4°C. Supernatants were discarded, and the cell pellets were used for the isolation of DNA.
Preparation of cellular DNA. Cellular DNA was prepared as previously described (14) . Briefly, bursal cells, erythrocytes, or splenic lymphocytes were washed twice with isotonic saline, lysed with 0.5% sodium dodecyl sulfate-100 Fg of proteinase K per ml in 10 mM Tris-hydrochloride (pH 8.0)-10 mM NaCl-10 mM EDTA. After digestion overnight at 38°C, the DNA preparation was extracted with phenolchloroform, precipitated with ethanol, and redissolved in 10 mM Tris-hydrochloride (pH 8.0)-10 mM NaCl-10 mM EDTA. After digestion with RNase A and subsequent digestion with proteinase K, the DNA preparation was again extracted with phenol-chloroform, precipitated with ethanol, and dissolved in 10 mM Tris-hydrochloride (pH 8.0)-10 mM NaCl-1 mM EDTA. Spectrophotometry was used to assess purity and concentration.
Restriction endonuclease analysis, DNA electrophoresis, and nucleic acid hybridization. Restriction endonuclease analysis, DNA electrophoresis, and nucleic acid hybridization have been described in detail elsewhere (14) . EcoRI and Sall restriction endonucleases were purchased from New England Biolabs (Beverly, Mass.). For electrophoretic analysis, 1% agarose gels (Sea Kem; Marine Colloids, Rockland, Maine) in 60 mM Tris-acetate (pH 8.0)-60 mM NaCl-6 mM EDTA at approximately 1 V/cm were used. Agarose gels were prepared for DNA transfer to BA85 nitrocellulose filter paper (Schleicher & Schuell Co., Keene, N.H.).
DNA which was bound to nitrocellulose filter paper was analyzed for the presence of virus-specific DNA sequences by hybridization to a 32P-labeled DNA probe, which was labeled by nick translation with [a-32P]deoxycytidine triphosphate to a specific activity of approximately 2 x 108 cpm/,ug (22) . The probe was boiled in 0.3 M NaOH for 10 min before hybridization. Filters were prehybridized for 2 h at 680C in 6x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-l x Denhardt solution-0.005 M EDTA-0.5% sodium dodecyl sulfate-20 ,ug of denatured calf thymus DNA per ml. Hybridization with the virus-specific 32p-labeled DNA probe was carried out under the conditions of the prehybridization and with 5 to 10 ng of the specific DNA probe per ml for 10 h or more.
Detection of RAV-1-specific DNA sequences. A molecular clone of the Schmidt-Ruppin strain of avian sarcoma virus, pSRA-2, was obtained from J. M. Bishop (8) . The 1,300-basepair BamHI fragment was subcloned into the BamHI site of pBR322. This clone, pBB-12, was used to detect the 5' half of RAV-1 and is referred to as the 5'-viral probe. A 2.1-kilobase-pair (kb) viral DNA fragment, which corresponds to viral gag sequences, has been shown to be generated by EcoRI cleavage of the integrated RAV-1 DNA provirus (10, 13) . This fragment is not observed after EcoRI cleavage of any of the endogenous loci and is specific for the presence of exogenous viral DNA. The amount of integrated RAV-1 DNA sequences present in a preparation of cellular DNA was determined visually by estimating the amount of the 2.1-kb viral DNA fragment present from the intensity of hybridization of the pBB-12 viral 32P-labeled DNA probe. The 8.7-kb 5' junction fragment derived from ev-1, which also hybridized to the pBB-12 DNA probe, served as an internal control for sequences present at a frequency of 1 copy per haploid genome. The amount of 2.1-kb DNA fragment present was estimated as +3 (approximately 1 copy per haploid genome), +2 (approximately 0.5 copy per haploid genome), and + 1 (approximately 0.1 copy per haploid genome). A hybridization intensity of less than 0.1 copy per haploid genome was considered negative. 
RESULTS
Bursal development in susceptible and resistant chickens. The target organ for LL is the bursa of Fabricius. Chemical bursectomy prevents LL, and animals which are surgically bursectomized up to 12 weeks of age have a significantly reduced incidence of disease (19, 21) . Because the development of LL appears to require a relatively rare virus-cell interaction (17) , it is possible that the size of the bursa influences the incidence of the disease. Resistant RPRL line 63 chickens have been observed to have significantly smaller bursas and consequently fewer bursal cells than susceptible chickens (unpublished data). Therefore, we compared the bursas from RAV-1-infected Hyline SC and FP chickens to ascertain whether the development of this organ is similar in both types of animals. Bursas from RAV-1-infected chickens were fixed in 10% neutral buffered Formalin and weighed. No significant difference in bursal mass was observed in these lines when chickens up to 10 weeks of age were examined ( Fig. 1) . Additionally, no difference in the cell size distribution of the bursal population or the percentage of lymphocytes expressing cell surface IgM, as assessed by flow cytometry, was observed in these lines (data not shown). Using these experimental approaches, therefore, we detected no difference in the target tissue of these chickens.
Viremia in susceptible and resistant chickens. One of the goals of this study was to determine to what extent the chickens of the two different lines exhibited viremia. Therefore, the presence of infectious virus in the plasma of SC and FP chickens was assessed by obtaining plasma at different times after virus infection. The plasma samples were assayed for the presence of infectious virus as described above. A compilation of data from several experiments is presented in Table 1 . We observed a significant difference in the percentage of SC and FP chickens which were viremic at 1 to 2.5 weeks after virus infection. One week after infection, there were more than five times as many viremic SC chickens as there were viremic FP chickens. However, the percentage of viremic SC chickens was observed to decrease after 2.5 weeks, whereas that of the FP chickens increased, so that by 4 weeks after infection, no difference in the incidence of viremia was observed between these two lines. The titer of virus detected in the plasma of viremic birds was comparable at both 2 and 4 weeks after infection in both FP and SC chickens. Twenty-four weeks after virus infection, viremia was not detected in any Hyline SC chickens, including those animals which had developed widespread tumor metastasis.
Since the data presented above were obtained by examining plasma obtained from individual chickens at a single time point rather than sequentially as a function of time, these data must be interpreted as the percentage of chickens exhibiting viremia at a specific time after infection. The data indirectly suggest that viremia is transiently exhibited by both susceptible and resistant chicken lines. Furthermore, it appeared that FP chickens, which were not viremic 1 week after infection, subsequently became viremic. Moreover. both resistant and susceptible chickens which exhibited viremia appeared to have eliminated the virus after 5 weeks of infection. Consequently, an alternative approach was used to determine the frequency and the kinetics of viremia occurring in these animals. The development of viremia in these chickens was evaluated directly by obtaining plasma from several consecutive bleedings of individual animals ( Table 2 ). These data are consistent with those presented in Table 1 (27) . To compare further the virus infection occurring in SC and FP chickens, we analyzed the extent of viral integration present in the DNA of several tissues obtained at different times after virus infection. Since the chickens used in this study also have endogenous virus (ev) sequences, a DNA restriction fragment which is characteristic for the exogenous virus RAV-1 must be used to distinguish RAV-1 from ev sequences. By quantifying the intensity of this DNA fragment, revealed by nucleic acid hybridization analysis, the extent of viral integration can be determined.
The restriction endonuclease EcoRI cuts the provirus four times, producing three internal fragments. Since the two outermost recognition sites are absent in the ev sequences present in the chickens used in this study, EcoRI digestion of RAV-1 produces two internal fragments not produced by EcoRI digestion of ev sequences (10, 13) . We used the internal 2.1-kb DNA fragment derived from the 5' gag portion of the provirus as an indicator of RAV-1 infection.
DNA was prepared from erythrocytes and bursal cell suspensions obtained from uninfected and RAV-1-infected Hyline SC and FP chickens at several times after virus infection. The DNA was digested with EcoRI; subjected to agarose gel electrophoresis, Southern DNA transfer, and nucleic acid hybridization with the 32P-labeled 5'-virusspecific probe; and examined for the presence of the 2.1-kb EcoRI-specific DNA fragment derived from RAV-1 (Fig. 2) . The presence of the 2.1-kb DNA fragment can be seen in bursa DNA (Fig. 2A, lanes 4, 5, and 6 ) and in erythrocyte DNA (Fig. 2B, lanes 2, 3, 4 , 5, and 6). The data presented in Fig. 2 Table 3 revealed that viral sequences were eliminated from the cellular DNA prepared from either bursal cells or erythrocytes from both chicken lines. The absence of viremia 8 weeks and later after infection was consistent with the loss of integrated viral DNA sequences, demonstrating that the course of RAV-1 infection observed in these animals was distinct from that observed in other chicken lines (10, 23) . Analysis of the data presented in Tables 3 through 5 additional information concerning the course of viral infections occurring in these chickens.
Examination of RAV-1-infected Hyline SC and FP chickens 5 weeks after infection, at a time when the number of animals exhibiting viral integration was declining, revealed approximately two times as many birds that contained viral sequences integrated in their erythrocyte DNA than in their bursal cell DNA, suggesting that the viral marker was eliminated more rapidly from the bursa. This could result from the deletion of viral sequences from the DNA of these cells, the existence of a surveillance mechanism capable of killing the virus-infected cells within the bursa, or a lethal effect exerted by the virus during B-cell differentiation. Alternatively, since during normal B-lymphocyte differentiation cells from within the bursa migrate to bursa-dependent areas within the spleen, maturation, which is accompanied by a change in venue, could account for the loss of the viral DNA marker from the bursa. If the latter explanation were correct, we would expect to find integrated viral sequences in the DNA prepared from splenic lymphocytes.
To test this hypothesis, DNA was prepared from FicollHypaque density gradient-purified splenic lymphocytes 5 weeks after RAV-1 infection and was examined for the presence of the characteristic EcoRI 2.1-kb exogenous virus DNA fragment. No viral sequences were detected in any of the 10 Hyline SC splenic lymphocyte DNA preparations examined, regardless of whether viral sequences were present in the bursal cell or erythrocyte DNA obtained from the same chicken ( Fig. 3 and Tables 4 and 5 (Tables 4 and 5 ). The SC chickens responded to the infection as a uniform population. They exhibited viremia at 1 and 2.5 weeks. By 5 weeks after infection, the circulating virus was almost eliminated. In contrast, the FP chickens responded as two distinct populations. Approximately onehalf showed no evidence of infection. The other half was characterized by viremia and the presence of integrated viral sequences. Additionally, this group was more heterogeneous with respect to the presence of viremia and integrated viral DNA than the SC chickens. The factor(s) that influences the response of the FP chickens to RAV-1 infection and that contributes to the resistance to lymphoma development is unknown. DISCUSSION The principal aim of this study was to analyze the extent of virus infection in chickens which are resistant or susceptible to the development of ALV-induced bursal lymphomas so that we could determine whether spread of the virus was comparable in both chicken lines. Two independent indicators of virus infection which were analyzed at several different times after experimental infection were used to achieve this objective. Plasma from RAV-1-infected chickens was assayed for the presence of infectious virus, whereas cellular DNA, prepared from different tissues, was examined for the presence of integrated exogenous viral DNA sequences. Although the former method is more sensitive, the latter method permits the definitive identification of infected cells. Comparison of plasma from susceptible and resistant chickens revealed a less than twofold difference in the number of animals which became viremic. Although the duration of viremia and the titer of virus in the plasma of these two lines of chickens were comparable, the onset of viremia was delayed approximately 1 week in the resistant animals. This result may reflect the ability of SC chicks to replicate the virus more efficiently compared with FP chicks. Alternatively, we cannot exclude the possible existence of neutralizing substances, such as maternal antibody, in the plasma of resistant birds, which would effectively limit the inoculating dose. If present, however, this neutralization does not adequately protect these animals from subsequently developing viremia, as several FP chicks which were not viremic at 1 week became viremic 1.5 weeks later. Furthermore, 5 weeks after infection, the incidence of viremia among the FP birds was virtually unchanged, whereas the incidence among the SC birds was reduced tenfold. However, virus does not persist in the plasma of either host, as we detected viremia in only 1 of the 47 chickens that we examined at 10 through 24 (9) . Moreover, pre-B-cell neoplasms induced by Abelson murine leukemia virus continue to differentiate during in vitro culture (1) . We saw no gross differences in the development of the bursa of Fabricius in susceptible and resistant animals. We would be unable, however, to detect subtle differences by the techniques used.
It has been suggested that the development of focal follicular hyperplasia is important in the tumorigenic process (6, 17) . The 51, 1984 or integrated viral DNA in a significant number of animals until 2.5 weeks after infection. Delayed viral integration into bursal DNA may reduce the incidence of hyperplasia to a frequency which is insufficient to initiate tumorigenesis. Consequently, hyperplasia and the concomitant development of LL would occur only within the bursas of susceptible animals.
Lymphomagenesis is believed to bc a multistep process, which is an hypothesis that is consistent with the long latent period that characterizes this malignancy (17) . Therefore, the probability that a lymphoma will develop in vivo is predicated upon the frequency or rate of occurrence of each requisite step in this process. At least two genetic abnormalities appear to play a role in ALV-induced tumorigenesis.
The enhanced expression of c-niv 'c is effected by viral integration in the vicinity of this locus. Our data are consistent with the fact that this is an early event, as most of the viral integration occurred in susceptible and resistant animals within the first 5 weeks after virus infection. Another gene (B-lym), detectable by transfection of tumor DNA into NIH 3T3 mouse cells, also appears to be involved in the generation of these tumors. We do not know how or when this gene participates during tumorigenesis. Furthermore, whether additional steps or events are needed which allow these cells to evade host immune surveillance mechanisms has not been determined.
